2 Cystine, an Essential Determinant of Protein Tertiary Structure, Is Also a Target for Electrochemical Manipulation Overview Purpose: Development of UHPLC and HPLC-electrochemical (EC) detection methods for the measurement of different cystine-containing peptides including simple peptides
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1) Analysis Of Glutathione
The ability for thiol residues to undergo oxidation to disulfides is biochemically important , since it affects antioxidant activity (e.g., glutathione) and determiniation of protein tertiary structure. The formation of cystine disulfide bridges from two cysteine residues not only influences protein confirmation but also renders it electrochemically active. Although peptides can be quantified by electrochemical oxidation of the disulfide Column:
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bond, the commonly used working electrode, glassy carbon, suffers from two major issues -a limited oxidation potential and the persistent fouling of the electrode's surface necessitating frequent cleaning procedures. The boron-doped diamond (BDD) working electrode, on the other hand, can be used at extreme oxidation potentials and, as its surface is inert, does not suffer from adsorption problems. The ability for HPLC f f f
Column Temperature: Post Column Temperature Injection Volume: Cell Potential: Filt C t t with electrochemical detection to quantify a variety of disulfide containing peptides was evaluated and included measurement of GSH and glutathione disulfide (GSSG), cyclic nonapeptides (vasopressin and oxytocin), an example of intra and inter chain disulfide cross-linking (insulin) and a cyclic, disulfide rich cyclotide (cycloviolacin O2) ( Figure 1 ). 
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1) Analysis Of Glutathione Redox Status
An instrumental prerequisite for trace analysis is that the HPLC system must be inert (free from leachable transition metals) in order to achieve optimal sensitivity using an electrochemical detector. The system uses biocompatible materials in the flow path to reduce the influence of metal that contribute to elevated background currents at the electrochemical cell. Use of the Thermo Scientific Dionex 6041RS lt A l ti l C ll id th i l t h i l biliti f th b 1RS ultra Analytical Cell and and a more complex pro linkages (insulin), were c on a phenyl hexyl colum peptides. The estimated vasopressin and oxytoci oxidation of both thiols a ultra Analytical Cell provides the unique electrochemical capabilities of the borondoped diamond which enables the oxidation of organic compounds using higher electrode potentials than other working electrode materials.
The direct electrochemical detection of aminothiol compounds only using a boronAccucore ™ RP MS column oxidation of both thiols a signal obtained from the contribution from the oxi undergo oxidation (e.g., behavior of insulin is far from oxidation of the thre
LC-EC Detection
doped diamond electrochemical cell has been previously described. 1, 2 The applied potential used for this study (+1600 mV) was sufficient to oxidize both thiol and disulfide analytes. Advantages of this approach include a stable electrode surface and method simplicity since no sample derivatization is required. After each analysis the electrode surface was regenerated by a 10 second clean cell pulse at Accucore RP-MS column , m ropionic acid, 0.02% ammonium etonitrile, 97.4% water from oxidation of the thre tyrosine residues that ca residues) its ability to ox and the BDD working ele signal (proportional to 1/ y g y p +1900 mV. After a short re-equilibration period the electrode was once again stable and could be used for the analysis of the next sample. Figure 2 illustrates the overlay of calibration standards for these compounds ranging from 1-20 µg/mL. Excellent peak resolution and retention time uniformity were observed. The column used for this method was the Accucore RP-MS 2.6 micron solid-core µL samples 
010914-vasopressin #119
column used for this method was the Accucore RP MS 2.6 micron solid core material which provides fast, high resolution separations but with lower system pressures. 
HDV o
Good linearity of response to different concentrations was obtained with correlation coefficients ranging from R 2 = 0.989-1.00 for the five compounds evaluated ( s that the HPLC system must be
2) Analysis Of Oxytocin, Vasopressin and Insulin
The ability to measure more complex cystine-containing peptides and protiens using HPLC with electrochemical detection on a BDD working electrode was then evaluated.
Two cyclic peptide hormones formed by a cystine bridge (oxytocin and vasopressin), d l t i h h i b th i t d i t h i ti
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s that the HPLC system must be rder to achieve optimal sensitivity uses biocompatible materials in the ontribute to elevated background Thermo Scientific Dionex 6041RS h i l biliti f th b and a more complex protein hormone having both inter-and intra-chain cystine linkages (insulin), were chosen. Chromatographic separation 1 of all three compounds on a phenyl hexyl column is presented in Figure 3 . Figure 4 shows HDV of the three peptides. The estimated limit of detection was 100-200 pg on column for both vasopressin and oxytocin. The ability to measure GSH and GSSG (above) shows that oxidation of both thiols and disulfides can contribute to the overall electrochemical ( g ) p g g have been isolated and Rubiaceae, Violaceae, natural insecticides and interest to pharmaceut and anti-tumor agents.
chemical capabilities of the boronorganic compounds using higher e materials.
iol compounds only using a boronoxidation of both thiols and disulfides can contribute to the overall electrochemical signal obtained from these peptides. In the case of oxytoxin and vasopressin the contribution from the oxidation of cystine maybe augmented by other residues that can undergo oxidation (e.g., each contains a tyrosine residue). The electrochemical behavior of insulin is far more complex. Contribution to the overall response will come from oxidation of the three cystine residues but each polypeptide chain has two residue cyclic peptide f Figure 5 shows the det presence in a crude ex Figure 5 . Chromato presence in the cru reviously described. 1, 2 The applied fficient to oxidize both thiol and include a stable electrode surface ation is required. After each by a 10 second clean cell pulse at from oxidation of the three cystine residues, but each polypeptide chain has two tyrosine residues that can also respond. Although insulin is a small protein (51 residues) its ability to oxidize will be dependent upon interaction between its resides and the BDD working electrode surface. Kinetic hindrance will result in a decreased signal (proportional to 1/MW).
presence in the crud y p he electrode was once again stable ample. Figure 2 illustrates the ounds ranging from 1-20 µg/mL. iformity were observed. The RP-MS 2.6 micron solid-core RP MS 2.6 micron solid core parations but with lower system nalytical standards -glycine; HCYS -homocysteine). 
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bridge (oxytocin and vasopressin), i t d i t h i ti
Cyclotides are small disulfide rich peptides containing 28-37 amino acid residues and are isolated from plants. The tertiary structures of these peptides are very interesting as the three cystine bridges form a cystine knot motif ( Figure 1 ) imparting great stability to the peptide. Today, over 100 cyclotides
3) Analysis of Cyclotide by HPLC-EC detection
inter-and intra-chain cystine eparation 1 of all three compounds Figure 4 shows HDV of the three 200 pg on column for both SH and GSSG (above) shows that e to the overall electrochemical ( g ) p g g y p p y, y have been isolated and characterized from a number of species including the Rubiaceae, Violaceae, and Cucurbitaceae. In the plant cyclotides act as both natural insecticides and anti-microbial agents. The cyclotide structure is of interest to pharmaceutical companies for the development of potential anti-HIV and anti-tumor agents. For these studies, the cyclotide cycloviolacin O 2 , a 30 e to the overall electrochemical oxytoxin and vasopressin the gmented by other residues that can sidue). The electrochemical n to the overall response will come ch polypeptide chain has two residue cyclic peptide found in the sweet violet (Viola odorata) was studied 2, 3 . Figure 5 shows the detection of cycloviolacin O 2 both as the standard and its presence in a crude extract of the sweet violet. 
Conclusion
• UHPLC/HPLC separation and detection on a BDD working electrode is a practical approach to the measurement of cystine-containing peptides and proteins.
• The BDD working electrode overcomes the practical limitations of traditional carbon working electrodes. min g • Future work will a) evaluate the contribution of other amino acid residues to the overall response of the peptide/protein and b) the inclusion of a BDD working electrode prior to the electrospray source of a mass spectrometer to study the mechanism of peptide/protein oxidation and possible cleavage reactions. 4 6.25 7.50 8.75 10.00 11.00
